We report the production of monoclonal antibodies (MAb) by an in vitro technique which react with principal cells of the renal collecting duct. Spleen cells were directly stimulated in vitro with unsolubilized antigens, i.e., by direct contact with the apical site of cultivated principal cells or by contact with cell fragments. Out of several others two antibodies, IV1 and IV2, were selected, which specifically reacted with the principal cells of the collecting duct. MAb IV1 also reacted with Type A intercalated cells, indicating the existence of a common antigen in the apical membrane of both cell types. Type B intercalated cells were consistently unreac-
Introduction
The epithelium of the renal collecting duct consists of three morphologically distinct cell populations: principal cells and two subgroups of intercalated cells (IC), the Type A and Type B IC (18, 34) . Principal cells absorb Na' and secrete K+ (14, 19, 30) . Intercalated cells are involved in H'IHCO3-transport; type A IC are believed to secrete H+ and to reabsorb HCO3-, and type B IC to secrete HCO- (14, 25) . In accordance with this morphological and functional heterogeneity, differences in the protein expression of the three cell types could be demonstrated by immunocytochemical techniques. In principal cells, Na+,K+-ATPase (19, 20) and an Na+ channel (7) were localized. In both types of IC carbonic anhydrase (6, 17, 23) and ecto-5'-nucleotidase were found (9) . Type A IC are characterized by a specific proton pump and the anion exchanger band 3, which has not been found on Type B IC (5, lO-12,17,33) .
The antibodies used in these reported studies were produced against proteins of defined function.
To detect unknown proteins in collecting duct cells, we recently prepared monoclonal antibodies (MAb) by in vivo immunization Supported by the Deutxhe Fonchungsgemeiwhaft Fonchergruppe Niere Kr 546/5-2.
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Uve. All other parts of the uriniferous tubule were also unreactive. In Western blot analysis MAb IV1 showed immunoreactivity with a 40 KD and a 43 KD antigen. Our arperiments demonstrate the possibility of producing antibodies against unsolubilized antigens by a simple in vim technique. CyroCll~n 38:1919-1925, 1990) against proteins extracted from the renal papilla (II), which allowed the localization of the collecting duct-specific proteins Pc~1-3. These proteins were found in principal cells and in part in intercalated cells (1). The aim of the present investigation was to produce antibodies against further collecting duct proteins that could not be detected by our previous experimental sets (15) . In particular, we were interested in new antigens of the apical cell membrane of principal cells. We applied an in vitro immunization system to stimulate lymphocytes by direct contact with the apical cell membrane of a cultivated principal cell epithelium or with cell fragments.
Materials and Methods

Antigenic Material
Culture of collecting Duct Principal G U Epithelium. Conical explants from kidneys of newborn New Zealand rabbits were isolated and cultured as previously described (27,28). The explants consisted of a small piece (2.5 x 2.5 mm2) of capsula fibrosa with adherent nephrogenic blastema cantaining S-shaped bodies and collecting duct anlagen. The explants were mounted on plastic cylinders (inner diameter 3 mm: Figure 1 ) and cultured Dulbecco's modified Eagle's medium (DMEM) containing 10% fetal calf serum (FCS) for 10 days. After 1 day in culture the e\qti)tin surface was completely covered by a single-layered epithelium of highly differentiated collecting duct principal cells (28). DMEM and FCS were obtained from Gibco Biocult (Karlsruhe, FRG).
Preparation of Cultured Principal Cells for Immunization
'Ihrer epithelia of collecting duct principal cells were cultivated for 10 days, washed in PBS, and air-dried under a laminar flow to keep them sterile for tbc immunization procedure. Then each epithelium was pre-incubated with 2 x lo4 macrophages for 24 hr in one well of a 24-well tissue culture plate containing 1 ml RPMI 1640 (Gibco Biocult) supplemented with 20% FCS (Figure 1 ). The macrophages were obtained from 10-week-old female Balbk mice by peritoneal cavity wash with 11.2% sucrose.
Preparation of Principal Cell Fragments for Immunization
All of the following steps were carried out under a laminar flow to keep the antigenic material sterile. Three air-dried principal cell epithelia that had been cultivated for 10 days were removed from the plastic cylinders and homogenized together at 2'C in a tight-fitting Potter homogenizer in PBS supplemented with phenylmethylsulfonylfluoride (PMSF 1 mM), trasylol(200 IElml), and trypsin inhibitor from soybean (10 Nglml) as protease inhibitors. The homogenate was centrifuged at 600 x g for 10 min. The pellet was washed twice in PBS with protease inhibitors and then resuspended in 1 ml RPMI 1640 containing 20% FCS. Three aliquots were prepared and put into three wells of a 24-well tissue culture plate. Then 2 x lo4 peritoneal macrophages were added to each well and incubated with the homogenate for 24 hr before addition of the spleen cells.
In Vitro Stimulation of Splenocytes
Splenocyta were prepared as previously described (16) . They were then stimulated (a) by exposing them directly to the apical surface of cultivated principal cell epithelia. or (b) by addition of splenocytes to epithelial cell fragments.
For the stimulation with the apical epithelial surface, three cultivated epithelia were used. Splenocytes (3 x lo6) were seeded onto each of these three epithelia ( Figure 1 ) which had been pre-incubated with peritoneal macrophages (described a h ; final volume 1 ml RPMl 1640 with 20% FCS each). For the stimulation with cell fragments. 3 x lo6 cells were added to each aliquot of the tissue homogenate in 1 ml of culture medium. Altogether, in this second set the epithelial material of three cylinders was used for immunization.
In both experimental sets the incubation was continued for 4 days. The cultures were supplemented daily to 30% of the total volume with fresh medium. Formation of blast cells was monitored daily by phase-contrast microscopy.
Hybridoma Pmduction
Fusion and Hybridoma Selection. The stimulated splenocyte were fused in a ratio of 1:3 with the myeloma cell line X63Ag8.653 in RPMI 1640 containing 41% polyethylene glycol and 8% dimethylsulfoxide as described recently (15, 16) . After the fusion the cells were seeded in two 96-well plates on a macrophage feeder layer in RPMI 1640 containing 20% FCS. Hybridoma clones were isolated by hypoxanthine-aminopterin-thymidine selection (16) . For large scale production of antibodies the hybridomas were grown in serum-free RPMI 1640 supplemented with NS Nutridoma (Boehringcr; Mannheim, FRG).
Screening for Antibody Production. After 2 weeks the supernatants of growing hybridomas were tested for antibodies by indirect immunofluorescence microscopy on unfixed frozen sections of rabbit kidney. Hybrid-omas that produced antibodies against collecting duct cells were selected and cloned by limiting dilution (16) .
Determination of Antibody Classes and Subclasses
The isotypes of the antibodies were determined by a commercial red blood cell agglutination kit (Serotec; Camon, Wiesbaden, FRG) according to the manufacturer's instructions.
Tissues
Kidneys from adult Ncw Zealand rabbits anesthetized with diethyl ether were frozen in liquid isopentane. For all incubations, 4-pm frozen sections cut on a Frigocut E (Rcichcrt-Jung; Nussloch, FRG) were used.
Immunocytochemistry
All immunocytochemical incubations in this study were done with the indirect immunofluorescence technique using FITC-conjugated goat antimouse IgG+ IgM as secondary antibody, as described previously (L15). In control experiments the hybridoma supernatant was replaced by normal mouse serum or an irrelevant mouse IgM MAb to ensure the specificity of the antibody labeling.
SDS-PAGE Electrophoresis
The kidney cortex of adult New Zealand rabbits was homogenized at 2'C in a tight-fitting Potter homogenizer in buffet (0.02 M %is, 0.5 M NaCI, pH 7.5) supplemented with 0.5% Chaps (Serva; Heidelberg, FRG) containing PMSF(1 mM), trasylol(200 IE/ml), and trypsin inhibitor from soybean (10 pglml) as protease inhibitors. Insoluble material was pcllcted at 10,000 x g for 15 min and removed. The detergent soluble fraction was supplemented with 1% SDS and 5 % 2-mercaptoethanol (Sem) final concentrations. The samples were analyzed on 4-12% SDS-PAGE gradient gels (1.5 mm thickness) in a Laemmli buffer system (21) . Twenty pg protein, as determined by the method of Bradford (2). were applied to each lane.
Western Blotting
After electrophoresis the gels were incubated in 4 M urea in 50 mM Tris buffer (pH 7.5) for 30 min at 37". Then the gels were transferred in a transblot chamber (Biorad: Munich, FRG) onto nitrocellulose sheets (Biorad) for 2 hr at 170 V and 400 mA. The temperature was 2'C at the beginning and 1O' C at the end of the blot. The transfer solution contained 40 mM Tris, 190 mM glycine, and 10% methanol (37) .
Immunodetection of the Blotted Antigens
After blotting, the nitrocellulose sheets were incubated in a 1% solution of dry milk at 37'C to block unspecific binding sites (36) and washed in PBS. The culture supernatants were applied in a dilution of 1:10 or 1:lOO overnight at 4%. After washing in PBS the antigen-antibody reaction was visualized with gold-coupled goat anti-mouse IgG+ IgM using the immunogold silver system Uansen, Biouend; Cologne. FRG) as described by Moeremans et al. (29) .
After the silver enhancement step the membranes were incubated in a 0.25% aqueous solution of hydrochloric acid (Sigma; Munich, FRG), which resulted in strong amplification of the specific signals compared with those obtained with the immunogold silver system alone.
Control experiments were performed using either normal mouse serum or an irrelevant mouse IgM MAb instead of the specific antibody. All other steps were carried out as described above.
Results
The in vitro immunization method was adapted to produce MAb against antigens of collecting duct epithelia. To raise the antibodies, two different antigen preparations were used. Spleen cells were stimulated (a) by direct contact with the apical surface of air-dried cultured principal cell epithelia ( Figure 1 ) or (b) by contact with cell fragments prepared by homogenization of these epithelial cells.
In both experimental protocols a large number of blast cells could be observed by phase-contrast microscopy after 3 days of in vitro stimulation. Discrimination of Band T-lymphoblasts was not performed.
Of utmost importance for the spleen cell stimulation was the pre-incubation of the antigen with macrophages. The degree of blast formation was lowered in our system ifthe pre-incubation with macrophages was omitted (data not shown). In contrast to others (4, 13,38), we did not supplement the culture medium with further growth factors.
The in vitro immunization allowed the production of antibodies in a relatively short time period. After 4 days of in vitro stimulation the splenocytes could be fused with myeloma cells, and the supernatants of growing hybridomas could be tested for production of antibodies against renal tissue as early as 14 days after the beginning of the immunization.
Stimulation of the splenocytes with the apical surface of cultured principal cell epithelia resulted in the production of 42 MAb. Among these, we found three MAb that reacted with renal antigens. One of them (IV1) reacted with the cells of the collecting duct system of the rabbit (Figure 2a ) and also of rat and human kidney. MAb IV1 (IgM) marked the collecting duct cells predominantly at the apical cell pole, while the lateral and basal sites were labeled faintly (Figure 2a ). IV1 did not recognize all collecting duct cells. These antibody-negative cells could be identified as intercalated cells (IC) by a double labeling approach using IV1 together with peanut agglutinin (Figures 3a and 3b ). This lectin is well established as a marker for Type B IC (17.22,33) .
IV1 also labeled the cells of the connecting tubule, but with lower intensity than the collecting duct cells. All other parts of the nephron did not bind the antibody. However, the media of the arteries were also marked with the antibody.
In Western blot analysis, MAb IV1 reacted with two proteins of 40 and 43 KD (Figure 4) .
In the second immunization protocol, the spleen cells were stimulated with the homogenate of cultured principal cell epithelia. Using the homogenate of three epithelia in this series, 93 MAb were produced. Of these, seven MAb were directed against renal structures, with three of them recognizing collecting duct antigens. One of these MAb, IV2, which reacted with the collecting duct system, is described in detail.
MAb IV2 (IgM) acclusively labeled collecting duct cells. All other parts of the nephron or other renal structures remained unstained. In the cortical collecting duct, IV2 marked some cells very brightly in the apical cell pole, while others were labeled in the whole cytoplasm (Figure 2b) . MAb IV2 did not react with all the cells of the cortical collecting duct; it marked only a subpopulation of the collecting duct cells. In double labeling experiments with peanut lectin, some of the IV2-negative cells could be identified as Type B intercalated cells (Figures l a and 5b) . However, another,subpopulation of antibody-negative cells was not marked by peanut lectin.
MAb IV2 failed to react in Western blotting experimems,
Discussion
In the present study, monoclonal antibodies ware produced by direct stimulation of splenocytes with cell membranes of principal cells in vitro. To avoid changes of the antigen structure that might occur during solubilization procedures, the antigenic material used for the stimulation was not extracted from tbc membranes. Therefore, we adapted the methods described in the literature for the in vitro production of antibodies against solubilized antigens (3, 8,24) to stimulate the splenocytes directly with antigens otithe luminal plasma membrane or by membrane fragments of principal cells.
We chose an in vitro immunization protocol, although it is known that this method frequently generrtes IgM antibodies (3,  4 ings: the antibodies described here were both of IgM class. Howcvcr, using in vitro immunization, antibodies could be prepared in a relatively short time period; the antibodies obtained may later be used as tools to enrich and pur+ antigens of interest.
The MAb described in this report, IV1 and IV2. reacted with collecting duct cells in rabbit kidney. No other tubular elements rcvcakd immunoreactivity with these antibodies (Figures 2a and 2b) .
In the renal collecting duct system, two main cell types are prescnt, the principal (P) and the intercalated cells (IC). The latter consist of two subpopulations, Type A (gray) and Type B (dark) IC (14, 17.32.33) .
In our study wc used cultivated collecting duct epithelia consisting of Pcells only (28) as antigen for the stimulation of the splenocytes. MAb IV1 and IV2 both reacted with the P-cells; the Type B IC revealed no immunoreactivity, as shown by double labeling experiments (Figures 3 and 5 ) with the Type B-specific marker peanut lectin (17, 22, 33) . MAb IV1 predominantly labeled the apical cell pole of the collecting duct cells (Figure 2a ). This reaction pattern corresponded to the antigenic material used for the production of IV1, i.e., the luminal side of the cultured epithelium (Figure 1) . These observations might be interpreted as a specific in vitro activation of the spleen cells by the antigens used. In addition to the P-cells, IV1 marked one subpopulation of IC (Type A), demonstrating common antigens of these IC and the P-cells (Figure 3 ). This observation is in line with previous studies (15, 35) . In contrast to MAb IV1, only some of the IV2-negative cells could be identi- fied as Type B IC (Figure 5 ) . It was not possible to identify the IV2-negative and PNA-negative cells as Type A IC directly, because to our knowledge no antibody against the Type A specific anion exchanger band 3 (11,12) reacting with rabbit IC or other Type Aspecific markers were available (Drenckhahn, personal communication; Kaissling, personal communication). However, because approximately 30% of the collecting duct cells remain antibody negative and the collecting duct in rabbit kidney cortex is reported to consist of about 30% IC cells (18, 25) , it can be assumed that both types of IC lack the expression of the IV2 antigen.
In conclusion, we have demonstrated in this study that it is possible to produce monoclonal antibodies that react with collecting duct principal cells in an in vitro system by specific immunization with cell homogenates or even with whole cells. The immunization system thus avoided the extraction of proteins and made it possible to produce antibodies within about 4 weeks. 
